Sibaiya area is located at the southwestern corner of the Qena bend, Nile Va l ley, Egypt. The area is covered by Campanian to Maastrichtian rocks composing a number of shale layers in three formations. The present investigation comprises insights in the geochemical composition and clay minerals included in the Cretaceous shale-bearing sediments in Sibaiya west. Fifteen representative trench samples were collected from a vertical lithostratigraphic section including all the geological formations (Qusir Shale Member of Nubia Formation, Duwi Formaton and Dakhla Formation) in present area. They were subjected to mineralogical and chemical analyses using modern methods and application of the proper techniques of data processing and analyses.
INTRODUCTION
The investigated area lies between long. 32° 38′ 15′′-32º 38′ 25′′ E and lat. 25º 10′ 43′′-25° 10′ 50′′ N, southwestern side of Qena bend, Nile Valley (Fig. 1) . The stratigraphic succession is of Campanian-Maastrichtian age and represents a part of the dominated sedimentary deposits of variegated and black shales that are widely distributed in Upper Egypt. This succession laterally extends from the New Valley in the Western Desert to Safaga-El Qusier region on the Red Sea Coastal plain through Sibaiya at Nile Valley.
Sibaiya area contains occurrence of extensive black shale beds of Duwi Formation that overlie a fluvial variegated shale sequence in Quseir Member of Nubia Formation, with an undulating erosion contact Zidan(2002) . The entire succession is conformably overlain by the deeper marine laminated grey to black shales of the Dakhla Formation.
The present study aims to investigate the source provenance, the degree of chemical weathering, and any pollution that may arise from Sibaiya shales, when used in domestic purposes. This purpose can be achieved by studying the clay mineralogy, the geochemical characters of some Campanian-Maastrichtian shales, collected from a composite section, located at Sibaiya area, West Valley.
In order to attain this purpose, 15 representative trench samples were collected from an exposed vertical stratigraphic section. They used to describe all the exposed layers in the entire succession. These samples were subjected to mineralogical and chemical analyses to investigate their characteristics paying special attention to the determination of their contents of radioactive elements and rare earth elements.
GEOLOGIC SETTING
The stratigraphic succession in Sibaiya area, southwest of the Nile Valley, was previously described by Issawi et al (1999) . From field observations, the exposed lithostratigraphic section based by Qusseir shale Member of Nubia Formation and then overlain by the Duwi Formation and Dakhla Formation at the top (Fig. 2) .
The Qusseir shale Member is composed of different variegated shales, reddish brown, grey and yellow in colour. The Duwi Formation composes Lower Phosphorite Member Zidan (2002) reported that the Duwi Formation is unconformably overlying the Qusseir Shale Member with an undulating surface. The Dakhla Formation at the top, is composed of grey to black shale, papery, cracked and filled with gypsum and ferruginous stains and has thickness ranging between 10m and 30m averaging 20m. Obviously, the deposition represents an initial stage of the late Cretaceous marine transgression in Egypt. The precise age of the Duwi Formation is still debatable, however it is generally considered as either late Campanian to early Maastrichtian based on paleontological evidences (Glenn and Arthur, 1990 ).
SAMPLING AND ANALYTICAL TECHNIQUES
A total of 15 representative samples of variegated and black shales were collected from a vertical stratigraphic section representing all the formations and members at Sibaiya area. Each sample was subjected to the relevant proper sample preparation required for the mineralogical and/or chemical analyses. Nine representative samples were subjected to mineralogical analysis using XRD. The operations of sample preparation and analyses were professionally undertaken in the laboratories of the Nuclear Materials Authority of Egypt (NMA). The major oxides were determined using wet chemical technique, whilst the trace elements were analyzed using the X-ray fluorescence. Uranium and thorium contents were determined radiometrically using gamma-ray spectrometer; also U was chemically determined using a spectrophotometer analysis. The REEs were determined using the ICPOES technique.
Mineralogical and Chemical Data presentation
Kaolinite, Montmorillonite and illite are the dominant clay minerals in the studied shales. Accordingly, the analyses of 9 samples Upper Maastrichtian L. Maastrichtian (Fig.3) shows the XRD patterns of only one representative sample from each formation.
Mineralogical and Geochemical Analysis and Interpretation
The mineralogical and chemical laboratory analyses of Sibaiya shale samples were first subjected to the proper data reduction and processing techniques, and the final Tables 1 &2. Whilst, the main constituents of clay minerals in the investigated Sibaiya shales are Kaolinite, Montmorillonite and illite as revealed by the XRD chart sample (Fig.3) . Kaolinite considered being dominant in fluviatile environments. In the present study the dominance of kaolinite beside montmorillonite, suggests that these minerals are probably due to contributions from local source, by inheritance from kaolinitized source rocks. Aeolian contribution from the Western Desert makes kaolinite a common constituent that cannot be excluded.
BASIS OF THE PRESENT INVESTIGATIONS
The sedimentary formations in Sibaiya are composed mainly of derivatives originated from other older rock source in a major province that have suffered different kinds of weathering and transportation. However, post depositional tectonic evolution, in addition to relatively minor lithological contributions from local and surrounding sources took place and resulted in contemporaneous or even younger intercalations and/or alterations.
The present study aims primarily to investigate; the probable source rock provenance, the weathering trends and intensity, the evolution of tectonic setting and the environmental aspect of sibaiya. Throughout the present work, modern international concepts of such investigations are widely utilized as an interpretation guide supported by international examples
The provenance determination, the main concepts and basics utilized throughout the present investigations are according to Taylor and McLennan (1985) , Singh et. al. (2005) and Abou El-Anwar and Samy (2013). In addition a comparison between the chemical composition of Sibaiya shales and some other global shales of known origin was held in order to support the present investigations of the provenance determination and weathering history. -The third class consists of SiO 2 , TiO 2, Al 2 O 3 and Fe 2 O 3 ( e xcepted in Qusier Shale Member) in which the concentrations of these elements in the investigated samples are more or less similar that in the UCC. This may be due to the efficient mixing of sedimentary material during weathering of the source rock, transportation and deposition in the study area. Therefore the UCC origin of the provenance is not recommended and a shift towards a more basic tectonic origin is strongly recommended.
DETERMINATION OF THE PROVENANCE AND TECTONIC SETTING
The type of the provenance of shales in Sibaiya area depends largely upon its position to an adjacent tectonic settings and the comparison between their chemical compositions with those of sediments deposited in this known tectonic settings. Roser and Korsch (1988) proposed a tectonic classification based on SiO 2 content and log(K 2 O/Na 2 O) ratios as described in (Fig.4) dividing the tectonic origin into three provinces. The application of this classification to Sibaiya shales indicates that these ratios fall in the field of arc of provenance except one sample from Qusier Shale Member which falls in active continental margin, this indicate the Sibaiya shales are mainly derived from filsic volcanic rocks. In order to support this classification the following tests were applied using the upper continental crust normalization pattern and the immobile elements correlation with the UCC.
Upper crust normalized pattern
Concentrations of the major and trace elements of the investigated shale samples have been normalized to the average Upper Continental Crust (UCC) values Taylor and McLennan (1985) . The UCC normalized pattern for the studied samples (Fig, 5) can be classified into three classes: -The first class comprises elements being dominant relative to the UCC (e.g. Cr, U, Ni, V and Ba). The dominance of most of these elements may be attributed to the occurrence of mafic components in the source rocks. However, the relative abundance of K than UCC is attributed to the abundance of illite mineral.
-The second class comprises the major elements, CaO, MgO and Na 2 O. These elements are relatively lower compared to the UCC values. These elements are susceptible to mobility during weathering processes due to their The CIA enables the estimation of the intensity of weathering in the sedimentary deposits, or it may be used to compare the relative proportions of chemically weathered material Singh et al. (2005) indicated that the geochemical composition of siliclastic sediments results from a complex interplay between provenance and processes that operate during the different stages of the sedimentary cycle. In addition, the immobile elements are also indicators of the origin of the provenance. Therefore, the presence of trace elements Cr, V and Ni in addition to Ti suggests a basic origin of Sibaiya shales. This conclusion was confirmed by Taylor and McLennan (1985) . (Table 2) shows that the average values of TiO 2 /Al 2 O 3 ratios for most of the investigated sediments lie around a value (0.21), which is similar to that of basaltic source and higher than the corresponding values for UCC, NASC, and PAAS (Fig.6 ).
PROVENANCE AND IMMOBILE ELEMENTS
In addition, the analyzed samples show high relative abundance of Cr, U, Ni, V and Ba elements. This may be attributed to the presence of mafic components in the source rocks. Also the analyses revealed higher K values than upper continental crust (UCC) due to the relative abundance of illite mineral.
Relative high values were also obtained in the geochemical ratios of V/Cr, Cr/ Ni and V/Ni in almost all the analyzed samples collected from the studied formations. This may reveal a dominance of mafic volcanic source In general, whilst, the high V/Cr and Cr/ Ni ratios, in particular, may also reveal that the investigated sediments were deposited under oxidizing environment. All the previous information confirms that the original source rock of Sibaiya shales is of mafic to ultramafic nature of tectonic arc province. It is such tectonic province Egyptian Eastern Desert.
CHEMICAL MOBILITY AND WEATHERING TRENDS
The chemical composition of the various weathering products depends largely upon the rate of weathering and it is expected to demonstrate well established concepts of mo- Table 2 ). Which they indicated that the investigated shales of studied formations have relatively suffered low to moderate chemically weathered provenance.
Kaolinite is generally produced by feldspars alteration. It requires an open and acidic environment, with extensive leaching of alkaline earths and ferrous ions and to some extent silica from the medium during the process Weaver (1989) . Floyd et al. (1989) have generally made kaolinite a common constituent that cannot be excluded. The origin of kaolinite in the Sibaiya shales has been interpreted, for a long time, as a product of chemical weathering of feldspars. Kaolinite formation is favoured under tropical to subtropical humid climatic conditions Hallam et al. (in Temraz, 2005) . In addition to its detrital origin, kaolinite may also be developed by diagenetic processes due to the circulation of acid solutions (Temraz, 2005) . These kaolinites are believed to represent a continental weathering product at a warm and at least seasonally humid climate, being eroded and transported towards the sea by rivers. The radiometric eU content of Sibaiya shale samples ranges between 2 and 17ppm with an average of 8ppm, while chemically it attains a value between 3 ppm and 18 ppm with an average 12ppm ( Table 3 ). The (cU/ Th) ratios at investigated shales (Table 3) indicate higher degree of uranium mobilization and (deposition) enrichment. The equilibrium factor P-Factor (eU/Ra) was more than one, indicating a possible (deposition) enrichment of uranium in a disequilibrium state (Naumov. 1959) . Also, these results were confirmed by the calculation of D-Factor (cU/eU) which is mainly more than one showing distinct disequilibrium state with the addition of (younger) uranium youngest (emitting) gamma-ray (Adams and Weaver, 1958) .
GEO-ACCUMULATION INDEX AND POLLUTION PATTERN
The index of geo-accumulation (Igeo) proposed by Müller (1969) has been used widely to assess of soil and sediment contamination Loska et al. (2004) and Graver et al (1996) . This index is computed using the following equation: Igeo=Log2(Cn/1.5Bn). Where Cn is the measured concentration of a given metal in sediment and Bn represents the geochemical background concentration of it.
Under normal environmental conditions, the natural concentrations of elements in sediments have a usual characteristic pattern of distribution. However, the environmen-
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THE APPLICATION OF GEOCHEMICAL AND MINERALOGICAL tal pollution by domestic, agricultural, and industrial wastes and also the natural input cause an abnormal concentration of some of the major and trace elements contents in a sediment and consequently disturb these natural relationships. The disturbance of the natural geochemical patterns of association accompanied by mineralogical and textural differences may indicate an anthropogenic or natural input. In the present study the concentrations of elements in the UCC Taylor and McLennan (1985) were used as background values. According to Müller (1969) the geoaccumulationn index in relation to pollution extent is classified into seven classes (Table  4) .
In Sibaiya shale samples the results of geo-accumulation index of the Qusier Shale Member, Duwi and Dakhla Formations show that the V content (0.9, 0.6 and 0.78, respectively) and Ba (0.93, 0.1 and 0.54, respectively). Therefore they are classified as unpolluted to moderately polluted elements. On the other hand, Ni in Duwi and Dakhla is (0.79 and 0.71, respectively) reveal a moderately polluted element. Average of Cr at Qusier Shale Member, Duwi and Dakhla Formations is (1.14, 1.5 and 1.36, respectively) while U content in the same shales are (1.84, 1.15 and 1.51, respectively). Cr and U are the elements being considered as moderately polluted element (Table 4) . The recorded moderately polluted characters recorded in the investigated samples are most probably attributed to the natural weathering of the source rocks rather than artificial input. The relative abundance of Cr is most probably due to substitution of Cr by iron in the structure of the ferromagnesian silicate minerals. The industrial and the agricultural wastes are nearly absent in the study area since it occurs in remote desertic area and therefore, it is suggested that the anthropogenic input is rather limited. Prudêncio et al. (1989) suggested that kaolinite, among the clay minerals, tends to be the principal REEs carrier in the clay fraction of sediments from central Portugal. The distribution of REEs in sediment depends on their concentrations in the source rocks and on the partitioning behavior of the REEs between the fluids and the mineral phases of these rocks. The changes taking place during transportation and after the deposition can be also considered. Adams et al.(1959) reported that the shale bed is the most suitable lithological facies for uranium trapping, adsorption, fixation, substitution and capturing as a result of the presence of clay minerals, organic matter and iron minerals. Slansky (1986) reported that, Sea water is the essential source of uranium in marine sediments in the form of dissolved U +6 linked to a carbonate complex. The main uranium compounds in phosphorites are U +4 and U
Even Y at Qusier Shale Member is mod-

+6
. The tetravalent form replaces partially Ca +2 in apatite because their similar ionic radii, while the hexavalent one is enriched in the ore by adsorption onto mineral surface. Lucas et al. (1980) suggested the trace elements in phosphorite may be present in the apatite lattice or fixed in/or clays.
CONCLUSIONS
Kaolinite and montmorillonite constitute the main clay minerals of the investigated Sibaiya shales. XRD reveal that the investigated clay minerals are mainly detrital in origin. There is a general correspondence in the proportions of the studied clay minerals with which derived from a common parent rock with little contamination from other sources.
The chemical analyses indicated that the studied clay sediments are dominant in U, Ba as well as ferromagnesian trace elements Cr, Ni and V. The relative abundance of most elements suggests that the studied formations derived from mafic rock source constitute their source. The ratios V/Cr, Cr/ Ni and V/Ni support that the source rock of mafic volcanic type. The depletion of Ca, Na and Sr indicate high mobility during weathering. V/Cr ratios revealed that the examined clay sediments were deposited under oxidizing condition. The chemistry of the studied clay sediments indicated that these clays are derived from mafic source. The geo-accumulation indices (Igeo) indicate that the investigated sediments in Sibaiya area are mainly low to moderately pollute. However their utility in domestic purposes is safe if the dilution factor in the final product is proper.
Sediment composition indicates the tectonic setting of source rock refering to passive margin for Sibaiya samples and lie between passive margin and active continental margin. The chemical indices of alteration (CIA) reveal that the studied shales of Sibaiya area are low to moderate chemically weathered provenance.
The geochemistry and the clay mineral assemblages in the studied shales reveal that these are most probably derived from the Egyptian Eastern Desert composed mainly of basic volcanic rocks. Moreover, the fluviatile origin, partial aeolian contribution of kaolinite from the Western Desert taken into consideration as a subordinate source.
